This study examined the vegetation composition of five sites of the Southern Alps (Val Camonica, Italy) where a commercial seed mixture had been used to restore vegetation at the end of soil stabilization works. The five sites are located in two protected areas of the Alps (the Parco dell'Adamello and the Riserva Naturale delle Valli di Sant'Antonio), and represent a chronosequence of year of sowing. We used a set of floristic-vegetational indices (index of maturity, indices of the life forms, and Landolt ecological indices) to analyse the characteristics of the vegetation of the five sites and to find a model that would allow an estimation of forest reconstitution time. From data analysis we found that, in areas which have had more recovery time, the sown heliophilous species and the ruderal herbaceous species decrease, while shrubs, trees and typical species of mature forests increase. The values of the index of maturity also increase according to time elapsed after sowing; the relationship that, in the present case, links the index of maturity to time was expressed formulaically. This model provided an estimation of the time required for the reconstitution of the forest community which, in this case, was about twenty years. This research, prompted by a request from the managing institutions of the two protected areas for a botanical investigation into the outcome of using the seed mixture, provided information that will enable them to assess whether to use the mixture in future environmental restoration work in the same areas.
Introduction
The environmental restoration of areas affected by destructive phenomena (anthropogenic and / or natural) is currently a priority issue for those involved in land management (Aronson & Alexander 2013) , in particular in protected mountain areas. Many mountain ecosystems with high biodiversity are vulnerable to soil erosion which, in some cases, may evolve to endanger human activity and the environment. Different methods are, therefore, used to protect the land from soil erosion and mitigate damage, including hydraulicforestry intervention. In the past such projects were carried out without considering their impact on the ecosystem, but techniques and materials with a low environmental impact typical of soil bioengineering have been used since the middle of the 20 th century (Bischetti et al. 2012) . The choice of plant species and procedures is of great importance in the restoration of the vegetation. In recent years, studies have been carried out on various techniques for creating seminatural grassland in restoration projects (ÖAG 2000; Kiehl et al. 2010; Hagen et al. 2014) , and seed mixtures suitable for varied environments have been marketed. Although these mixtures allow the creation of turf with a satisfactory aesthetic appearance in the first years after sowing, there are no in-depth studies regarding the vegetation dynamics of the areas in which they have been used. Data to aid understanding as to whether these seed mixtures are effective for the reconstitution of structurally more complex and more advanced plant communities (such as forest), present before the disturbance, are therefore lacking. Knowledge of what may happen in a vegetation system after sowing a seed mixture is of great importance to those involved in land management and, even more so, for those involved in the environmental restoration of natural landscapes in protected areas. In the present case, the managers of two protected areas (the Parco dell'Adamello and the Riserva Naturale delle Valli di Sant'Antonio) of the Val Camonica (northern Italy) requested a study of the floristic, ecological and dynamic character of the vegetation which developed following the sowing of a mixture of commercial seeds, in various sites within the two areas, so as to understand the effects of sowing the mixture and to evaluate its potential for use in future environmental restoration work in the same areas.
In order to meet the needs of the managing institutions, the study examined the vegetation composition of five mountain sites where the commercial seed mixture had been sown (in different years) to restore vegetation. In addition to the floristic and ecological analysis of the vegetation, this study also aimed to devise a model to estimate the time required for forest community reconstitution after sowing, hence testing the index of maturity developed by Taffetani and Rismondo (2009).
Materials and methods

Study areas
The study analysed the vegetation of five sites situated in the upper Val Camonica (Lombardy, Northern Italy) in the municipalities of Saviore dell'Adamello, Corteno Golgi, Sonico and Cevo, four of which are situated within the the Parco dell'Adamello and one in the Riserva Naturale delle Valli di Sant'Antonio (SIC IT2070017) (Figure 1 ). These sites belong to the same land unit have similar environmental characteristics, and were subject to land stabilization work using traditional and soil bioengineering techniques. In particular, crib-walls to protect roads, and weirs and channels to control the waters of streams and stabilize banks, were constructed in the five areas. Work was carried out in different periods (from 2000 to 2012) by the Consorzio Forestale Alta Val Camonica, which used the same mixture of seeds. The five sites represented a chronosequence for the year of sowing (2012, 2011, 2009, 2005, 2000) . Although they are small (50-150 m 2 ), they were selected because of their similar altitude, exposure, slope and substratum.
The area studied has a rainfall of over 1 000 mm per year, concentrated mainly in the spring and the autumn; the annual average temperature is about 8,5 °C; minimum temperatures and precipitation are during the winter months. According to the recent classification of the ecoregions of Italy ), the area is within the Central and Eastern Alps section (Alpine Province, Temperate Division). The vegetation sampling sites are situated in the montane belt (1 190 m-1 310 m) where potential vegetation consists of dense spruce forests belonging to the Piceion excelsae alliance (Verde et al. 2010 ) on soils with an acid to very acid reaction (Cambic Podzols) due to the crystalline geological substratum (Previtali et al. 1992) . Table 1 shows the chemo-physical characteristics of a Cambic Podzol typical of the upper Val Camonica. In the five sites where the relevés were performed, the soil was highly disturbed and altered due to the soil stabilization work done which, in some cases, had exposed the bedrock. Nevertheless, no allochthonous soil was added; the soil that had been removed during excavation 87'' N, longitude: 10° 18' 38, 59'' E) . The stars indicate the five sites where the phytosociological relevés were carried out. 
Seed mixture
The mixture of seeds used for grassing is a commercial product; both floristic composition and seed provenance are known ( Table 2 ). The mixture consists solely of perennial herbaceous species typical of mowed meadows (Molinio-Arrhenatheretea), of which graminaceous species are 94.8% by weight. The seeds come from several states in Northern Europe, though mainly from Denmark. This mixture was designed to be used in mountainous areas of the Alps and Apennines, mostly to grass ski slopes and areas affected by human activities, and / or in environmental restoration work. In the areas studied, grassing was performed with hydroseeding (dosage: 30-35 g / m 2 ).
Vegetation sampling and data analysis
Five phytosociological relevés were performed (one for each site indicated in Figure 1) , according to the method of the Zurich-Montpellier Sigmatist School (Braun-Blanquet 1964), and checked periodically from May to September 2014 (the maximal cover of the season was used for each species). The size of sampling plots was 25 m 2 (5 m x 5 m), and the relevés were carried out in plots that are indicative of the vegetation of the five sites. Species were determined using Pignatti's (1982) dichotomous keys, and cover indices were assigned using the abundance-dominance scale of Pignatti & Mengarda (1962) . Cluster analysis was performed using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) and chord distance coefficient in order to highlight the floristic-physiognomic similarities of the relevés. IF is useful to determine the evolution of the vegetation towards stable coenoses with low disturbance levels (such as the coenoses of forests), including geophytes, chamaephytes, nano-phanerophytes and phanerophytes. IM measures the stage of maturity of a plant community in relation to the coverage and phytosociological class to which each species belongs; it is the weighted average of the maturity coefficient (m) of each species, weighted by species cover. The coefficient of maturity (m) is the value assigned by Taffetani & Rismondo (2009) and Rismondo et al. (2011) to the main phytosociological classes of European vegetation according to the physiognomic-structural and synecological characteristics and the syndynamic role of the vegetation in each class. It varies from 0 (cultivated or exotic species that have no evolutionary significance and are therefore not attributable to specific syntaxonomic classes) to 9 (species of the forest vegetation classes). Various sources (manuals, scientific papers and internet sites) were consulted regarding the phytosociological classification. Data regarding the CSR strategy (Grime 2001) of each species were extrapolated from Landolt et al. (2010) .
Statistical analyses were performed using the software R 3.2.1 (R Development Core Team 2015). Scientific names of species are according to Martini et al. (2012) ; names of phytosociological classes follow Biondi et al. (2014) .
Results
In the five areas sampled, 63 plant species were identified, the majority of which are common or very common in the central and eastern Lombardy area (Martini et al. 2012) . Avenula praeusta and Hypericum perforatum are the only two uncommon species identified. Figure 2 presents the dendrogram of the relevés (and the mixture of seeds) separated into three main clusters (A, B and C). Cluster A is made up of the seed mixture and relevés in areas where seed was sown more recently (2-3 years ago); cluster B corresponds to relevé 4; cluster C groups the relevés carried out in sites where seeds were sown less recently (9-14 years ago).
The phytosociological table (Table 2) shows the floristic-physiognomic differences between the three clusters. Cluster A is composed mainly of herbaceous species of the classes Molinio-Arrhenatheretea and Artemisietea vulgaris, while cluster C has a number of shrubs of the class Rhamno catharticae-Prunetea spinosae, and species (grasses, shrubs and trees) typical of the mature woods of the class Querco roboris-Fagetea sylvaticae and, to a lesser extent, of the class Vaccinio myrtilli-Piceetea abietis. Cluster B has characteristics midway between the other two clusters: unlike cluster A, it has no Artemisietea vulgaris species and it is richer than cluster A in species of Rhamno catharticae-Prunetea spinosae and Querco roboris-Fagetea sylvaticae. The different physiognomy of the three groupings of vegetation is clear in the graph showing the indices of biological form (Figure 3) . Cluster A has a high percentage of hemicryptophytes (which account for the entire mixture) and negligible amounts of IF (phanerophytes, nano-phanerophytes, chamaephytes and geophytes); cluster B presents a moderate percentage of IF, while cluster C has a higher percentage of IF, and the IH 
divided into three clusters (A, B and C).
Height value tends to be lower. Moreover, there is a moderate percentage of therophytes (IT index) in relevés 2 and 3 (cluster A), while in the relevés of clusters B and C the IT values are almost nil, except for relevé 6. This is due to the fact that while the therophyte component of relevés 2 and 3 is made up of species belonging to ruderal, nitrophilous vegetation of the classes Stellarietea mediae and Artemisietea vulgaris, that of relevé 6 is represented only by Melampyrum pratense (with moderate coverage value), which is an annual species of mature broad-leaved forests (Querco roboris-Fagetea sylvaticae) and is not an indicator of disturbance.
The three groupings of vegetation also differ substantially in their chorological features (Table 2) . Cluster A has a high percentage of species with widespread geographic distribution (cosmopolitan and subcosmopolitan) and an exotic species from North America (Erigeron canadensis), which is quite common in Italy in uncultivated areas. Clusters B and C differ from cluster A in the presence, albeit slight, of a contingent of endemic species of the Alps (Pignatti 1982) : Phyteuma scheuchzeri, Phyteuma betonicifolium and Avenula praeusta.
From the ecological requirements of the coenoses synthesized by the average values of the indices of Landolt et al. (2010) shown in Table 2 , it is clear that cluster A consists of heliophilous species that grow in soils which are rich in nutrients and moderately poor in humus, while cluster C has more sciaphilous species, which prefer oligotrophic soils with medium-high humus content. The vegetation of cluster B presents ecological characteristics which are midway between clusters A and C. Taking into consideration the date of sowing in the various sampling areas, there was a gradual decline in ruderal species and an increase in competitive species over time ( Table 2) .
The graph in Figure 4 compares the time elapsed after sowing with the IM values of the five phytocoenoses, and shows the model which describes the trend of the IM over time. The graph shows a gradual increase in IM values from the site which was sown in 2012 (relevé 2) to the site sown in 2000 (relevé 6). In this case, the two variables (IM and time) are linked by 
Discussion and conclusion
The results obtained from the analyses yielded a range of information on the characteristics of the vegetation of the five sites and highlighted the main changes (floristic, physiognomic and ecological) that occur over time in areas where seed mixture has been used. Cluster analysis divided the relevés into three groups: those in cluster A which represent the early dynamic stages of the series, and those in clusters B and C which describe more mature stages of the series. They are characterized by phytocenoses with different floristic composition, structure and ecological requirements. The decrease of heliophilous species over time after sowing is explained by the variation in the structure of the vegetation, with a clear predominance of herbaceous species in the early stages being gradually replaced by shrubs and trees, the shape of which allows most of the light energy to be captured, producing a selective pressure that leads to the appearance of sciaphilous nemoral species. Five years after sowing, species of the classes Artemisietea vulgaris and Stellarietea mediae, which are indicators of environmental disturbance, disappear, while some endemic elements appear. Over a number of years, the ruderal species decrease while the competitive species increase. This is in agreement with the model of Grime (2001) for the early stages of secondary succession in deforested areas on moderately fertile soils with a temperate climate, and as observed by Güsewell & Klötzli (2012) in sown areas on roadsides in the Swiss National Park.
The mixture, whilst having the advantage of not containing exotic species, has the disadvantages of being poor in species and of including seeds from populations other than those in the area of study. The use of commercial seed in restoration can in fact alter the genetic diversity and structure of local populations (McKay et al. 2005; Aavik et al. 2012; Thomas et al. 2014) ; it would therefore be advisable to use autochthonous seeds better suited to the ecological conditions of the site, thereby avoiding (or reducing) genetic pollution. Improvements in the composition of the mixture (species and abundance), by using locally sourced seed, could implement ecological functionality and speed up succession (Prach et al. 2014) .
In general, the mixtures should reflect the communities that make up the early stages of the spontaneous dynamic series, knowledge of which is of paramount importance to enhance environmental restoration activities (Walker & del Moral 2008) . In this specific case, species of Calamagrostion arundinaceae (e. g. Calamagrostis arundinacea, Calamagrostis villosa, Lilium martagon and Molopospermum peloponnesiacum) and some elements of Sambuco racemosae-Salicion capreae (e. g. Salix caprea, Corylus avellana and Rubus idaeus) should be included. In fact, these species make up the communities of the initial stages of the dynamic series, i. e. of the fringe (Calamagrostion arundinaceae), followed by the mantle (Sambuco racemosae-Salicion capreae), and then the climax community (Piceion excelsae) (Verde et al. 2010) . Promoting this dynamic series of vegetation would probably help the system to achieve the mature forest stage more quickly, reducing interference due to the presence of species that are not relevant to the stages of the series.
Where the analysis of the index of maturity (IM) is concerned, results showed that IM values increase over time after sowing. The identification of the relationship between IM and time elapsed since sowing has allowed the IM trend of dynamic series to be expressed mathematically. It has also provided an estimation of the time required for forest reconstitution which, in this case, was about twenty years.
Unfortunately, only a limited amount of data was collected in this study (only five relevés), and the seed mixture was used in only a few (and small) areas. We chose only areas which could actually be compared with each other (those with similar exposure, slope, altitude, substratum and environment), and where the mixture was sown in different years, in order to analyse the changes in vegetation over time. Nevertheless, the study yielded data and information which satisfied the requests of the managers of the two protected areas, who can now, with a more complete picture of the effects of the seed mixture, evaluate its use more carefully in future environmental restoration work. It would be interesting and desirable to apply the methods used in this study in other areas of the Alps where the same seed mixture was used, in order to improve understanding of the responses of vegetation in different environmental conditions. It would be equally interesting to compare the IM trends of the vegetation which develops after the sowing of different mixtures in order to identify those that, in the various environments, allow the most rapid achievement of mature forest communities. Studies of this type might well provide important contributions to the fields of applied geobotany, forestry and restoration ecology.
